To quantify the various components of splanchnic free fatty acid and very-low-density lipoprotein-triacylglycerol (VLDL-TAG) metabolism in order to gain insight into the mechanisms responsible for the development of fatty liver in severely burned patients, and to determine if decreasing free fatty acid availability by use of propranolol could potentially reduce hepatic fatty acid accumulation.
Objective
To quantify the various components of splanchnic free fatty acid and very-low-density lipoprotein-triacylglycerol (VLDL-TAG) metabolism in order to gain insight into the mechanisms responsible for the development of fatty liver in severely burned patients, and to determine if decreasing free fatty acid availability by use of propranolol could potentially reduce hepatic fatty acid accumulation.
Summary Background Data
Hepatic fat accumulation results from an imbalance between fatty acid uptake, oxidation, and release via VLDL-TAG. Fatty acid delivery is accelerated in burn patients because of stimulated lipolysis. Since propranolol decreases lipolysis, it should also decrease hepatic fatty acid uptake and thus TAG synthesis.
Methods
Stable isotope-labeled tracers and regional catheterization enabled quantification of various parameters of lipid metabo-lism across the splanchnic bed in severely burned patients. The acute effects of propranolol treatment were studied in all patients, and in a subgroup of patients the chronic (3 weeks) effects of propranolol were assessed.
Results
The rate of splanchnic uptake of palmitate was 1.68 Ϯ 1.3 mol/kg/min, whereas the rates of oxidation and VLDL-TG secretion were only 0.12 Ϯ 0.11 and 0.003 Ϯ 0.02 mol/kg/ min, respectively. Propranolol significantly reduced palmitate delivery, and thus palmitate uptake, without significantly affecting oxidation or VLDL-TAG secretion. Thus, palmitate storage was reduced from 1.53 Ϯ 1.30 mol/kg/min without propranolol to 0.76 Ϯ 0.58 mol/kg/min after propranolol.
Conclusions
Hepatic fat storage in burn patients is due to low rates of both fatty acid oxidation and VLDL-TAG secretion. Propranolol can decrease hepatic fat storage by limiting fatty acid delivery.
Enlarged livers are commonly observed following burn injury, often resulting in a doubling of liver weight within 15 to 30 days after burn. At least some of the increase in liver size is due to increased hepatic triglyceride (TAG). 1 Animal studies have shown that fatty liver increases the risk for infectious complications, 2, 3 and in human patients liver size may increase sufficiently to impede ventilation. Whereas fatty liver is pre-sumed to be related to the nature of nutritional support, the actual mechanism responsible for net fat deposition in the liver of burned patients is not known. 4 Hepatic fat accumulation results from an imbalance between fatty acid uptake, oxidation, and release via very-lowdensity lipoprotein (VLDL)-triacylglycerols (TAG). Alterations in any or all of these factors could be responsible for the development of fatty liver. Since lipolysis is stimulated after burn injury to a far greater extent than the requirement for fatty acid oxidation, 5 it is reasonable to presume that accelerated hepatic fatty acid uptake resulting from increased free fatty acid (FFA) availability in plasma is the principal initiating factor. However, it is also possible that fatty acids synthesized de novo could contribute to hepatic fat accumulation. Although we recently showed that de novo fatty acid synthesis is not likely a major source of VLDL-TAG in burn patients, 6 we have also found that de novo fatty acid synthesis was stimulated in normal volunteers when hypercaloric amounts of carbohydrate were given for several days. 7 Another possibility is that in burn patients fatty acids taken up by the liver are channeled away from oxidation and towards TAG synthesis. This possibility is suggested by the fact that hyperglycemia/hyperinsulinemia, which is often present in burn patients, inhibits hepatic fatty acid oxidation, but not uptake. 8 Finally, it is possible that the principal defect leading to fatty liver after burn is that the normal packaging and secretion of hepatic TAG as VLDL-TAG are disrupted.
The principal aim of our study was to quantify the various components of splanchnic fatty acid and VLDL-TAG metabolism in order to gain insight into the mechanisms responsible for the development of fatty liver in severely burned patients. Thus, we have quantified fatty acid uptake, oxidation, and secretion in VLDL-TAG across the splanchnic bed in severely burned patients. Our study was further aimed at determining if decreasing FFA availability by use of propranolol could potentially reduce hepatic fatty acid accumulation. Because continuous ␤-blockade may cause tachyphylaxis, 9 we studied both the acute and long-term effects of propranolol medication on splanchnic fatty acid metabolism.
METHODS

Patients
Tracer infusion studies were performed in eight patients who were admitted to the Burn Unit of the University of Texas Medical Branch and/or the Shriners Burn Hospital in Galveston, Texas. The protocol was approved by the Institutional Review Board of the University of Texas Medical Branch.
Materials
U- 13 
Experimental Design
Each patient was studied twice and thus served as his or her own control. The patients were randomly allocated to the propranolol group (n ϭ 4) or to the control group (n ϭ 4). The propranolol group received propranolol treatment throughout 3 weeks between the two studies, whereas the control group did not receive any treatment. Propranolol dosage was approximately 2 mg/kg/d, given orally every 4 hours. The dose was titrated to achieve a 25% decease in heart rate from the subject's own 24-hour average heart rate immediately before drug treatment. Heart rate and blood pressure were monitored continuously throughout the study. Propranolol was given as scheduled during operative procedures.
During both studies, the patients were fed a carbohydraterich enteral diet (Vivonex T.E.N), which was infused continuously via nasogastric and duodenal catheters, providing approximately 1.4 times as many calories as the measured resting energy expenditure. The concentration of Vivonex (J/mL) was individually adjusted so that there were no clinical symptoms such as diarrhea. A comparable low-fat/ high-carbohydrate diet has been previously shown to eliminate the influx of exogenous fat via absorption 10 so that the FFA and the TAG that appear in plasma under these dietary conditions are from endogenous sources. All studies were performed in the fed state.
To coordinate each study with the clinical treatment, the first study was done 7 days after the first grafting procedure, immediately before the second grafting procedure. A femoral arterial line, a central trilumen venous line, and a hepatic vein catheter via the femoral vein by fluoroscopy were placed on the study day. A lead glove was placed over the genitalia before the procedure. After patient preparation, the right common femoral vein was punctured and a 6 French sheath was inserted. Through this sheath, a straight 5 French catheter with several side holes near its tip was manipulated into the right or middle hepatic vein. This catheterization was performed by using a deflecting-tip 0.035-inch guidewire within the straight catheter. After the catheter was positioned into the hepatic vein, a digital venogram was performed to verify placement, and both the sheath and catheter were infused with heparinized saline to maintain patency. The position of the catheter was confirmed again by a plain-view abdominal x-ray immediately after the end of the study. A short, straight 4 French catheter connected to a pressurized flush setup was then placed retrograde into the right common femoral artery. After both catheters and the sheath had been sutured in place, a sterile transparent dressing was used to cover the vascular entry sites.
The patients received a continuous (0.04 mol/kg/min), nonprimed infusion of U-13 C palmitate for 8 hours during the initial study. The bicarbonate pool was primed using NaH 13 CO 3 (25 mol/kg). After 4 hours, the patients received a bolus of propranolol (1.5 mg/kg), and then a continuous (0.04 mol/kg/min), nonprimed infusion of [2,2-2 H] palmitate was started. Thus, all subjects were studied in the basal (fed) state, and then during the acute response to propranolol. Both tracers were infused through a central venous catheter using calibrated syringe pumps (Harvard Apparatus, Natick, MA). Blood samples were drawn from a peripheral artery and femoral vein throughout
Splanchnic Bed Metabolism After Thermal Injury the isotopic tracer infusion. Blood flow was determined twice (at 135 and 375 minutes) using a constant infusion of indocyanine green dissolved in 0.9% saline. The dye was infused through the femoral artery catheter at the rate of 0.5 mg/min for 55 minutes, and blood samples were taken after 40, 45, 50, and 55 minutes simultaneously from the hepatic vein and a peripheral vein.
The second study was performed after 3 weeks with or without (control subjects) propranolol treatment. The second study lasted only 4 hours and was done either with (propranolol group) or without (control group) propranolol infusion.
Determination of Acetate Correction Factor
On a different occasion, a primed (45 mol/kg), 6-hour continuous infusion (1.5 mol/kg/min) of [1,2-13 C] acetate was performed in the fed state to determine the "acetate correction factor" (i.e., the acetate-carbon recovery rate) for use in the calculation of fatty acid oxidation rate. 11 It was not necessary to determine acetate carbon recovery across the splanchnic region in this study, because we have recently shown that acetate recovery across the splanchnic region is similar to whole body acetate recovery. 12
Analysis of Samples
FFA and VLDL-TAG
Blood samples were placed into 10-mL Vacutainers containing disodium EDTA for the determination of the isotopic enrichment of palmitate bound to VLDL-TAG and albumin-bound free plasma palmitate. All samples were placed on ice. Plasma was separated by centrifugation shortly after sampling. Samples for VLDL isolation were stored at 4°C until they were processed the next morning.
TAG concentration in plasma was determined photospectrometrically at 540 nm (Sigma Diagnostics Inc., St. Louis, MO). VLDL was isolated from 3 mL of plasma by overlaying the plasma with a density equal to 1.006 solution (0.9% NaCl) as described in Aarsland et al. 6 TAG in the VLDL suspension was isolated by TLC, hydrolyzed to FFA, and derivatized to FA methyl esters. Palmitate and total FFA concentrations in plasma were determined by gas chromatography (model 5890; Hewlett-Packard Co., Palo Alto, CA) using heptadecanoic acid as an internal standard. Isotopic enrichment of palmitate was determined by GCMS (model 5992; Hewlett-Packard Co.) in the electron impact ionization mode for the ultimate computation of the tracer/ tracee ratio. 6 
Blood Flow
Blood samples were placed into 4-mL Vacutainers containing SST gel and clot activator. Plasma was separated by centrifugation shortly after sampling. Dye concentration was determined spectrophotometrically at 805 nm. Splanchnic blood flow was determined as described previously. 8 
Blood CO 2
Blood samples for CO 2 analysis were collected into prechilled tubes containing sodium heparin. Blood CO 2 concentration was measured immediately using 965 Ciba Corning CO 2 analyzer, and the remaining blood samples were kept frozen until further analysis. For the determination of blood CO 2 enrichment, 5 to 10 mL of hyperphosphoric acid was added to 1 mL of blood in a sealed tube to release the CO 2 . The 13 C-to-12 C ratio in the headspace was then determined using a V.G. isotope ratio mass spectrometer.
Calculations
The plasma palmitate appearance rate was calculated by means of the steady-state equation. 13 The palmitate and CO 2 kinetic parameters for the splanchnic region were calculated using femoral artery and hepatic venous measurements and splanchnic blood flow as described in Sidossis et al. 8 The fractional release of plasma palmitate into VLDL-TAG was calculated from the increase in the enrichment of palmitate in VLDL-TAG over time (%/h) divided by the enrichment of palmitate in the femoral artery, since we found that the latter was similar to that of the intrahepatic precursor pool (unpublished data). The amount of palmitate released into VLDL-TAG was calculated by multiplying the fractional release of plasma palmitate into VLDL-TAG by the VLDL-TAG plasma pool (i.e., arterial VLDL-TAG concentration times plasma volume calculated using the equation from Diraison and Beylot). 14
Statistical Analysis
Results are reported as means Ϯ SE. The effects of propranolol on the various parameters were calculated using a two-tailed Student t test. Significance was set at the 0.05 level.
RESULTS
Subject Characteristics
The patient characteristics are given in Table 1 . Their ages ranged from 5.8 to 56.5 years and their body weight from 17.3 to 97.3 kg. The burn size ranged from 56% to 99% of total body surface, of which 41% to 99% was third degree. The subjects from the propranolol group were slightly younger and lighter than those from the control group, but the extent of the burn injury was similar between the two groups. The first study was performed 23 Ϯ 20 days after injury (5-65 days) and the second study 22 Ϯ 7 days after the first (10 -31 days). Despite the wide range of ages, responses were similar in all patients.
Metabolism of Fatty Acids in the Splanchnic Bed in Initial Study
Splanchnic plasma flow and femoral artery and hepatic venous concentrations of FFA and TAG are given in Table  2 . Splanchnic inflow (F in ) of palmitate averaged 2.77 Ϯ 2 mol/kg/min, and the fractional extraction of palmitate was 59.7 Ϯ 12.6%. Therefore, the rate of uptake of palmitate by the splanchnic bed averaged 1.68 Ϯ 1.39 mol/kg per minute. Palmitate uptake was closely correlated with both F in and F out (r Ͼ 0.99, P Ͻ .001).
The splanchnic palmitate oxidation rate was 0.12 Ϯ 0.11 mol/kg per minute, while the rate of plasma palmitate appearing in plasma VLDL-TAG was only 0.03 Ϯ 0.02 mol/kg per minute. The latter result was due to a very low fractional synthetic rate of VLDL-TAG (5.9 Ϯ 3.7%/h). Only 3.8 Ϯ 4.1% of the plasma palmitate taken up by the splanchnic bed was released into the plasma in VLDL-TAG. Therefore, the plasma palmitate was stored within the splanchnic bed at a rate of 1.53 Ϯ 1.30 mol/kg per minute. This represents approximately 0.45 Ϯ 0.38 mg/kg per minute or 0.65 Ϯ 0.55 g/kg per day of TAG stored within the splanchnic bed.
Acute Changes in the Splanchnic Metabolism of Fatty Acids With Propranolol
The main cardiovascular effects of propranolol were a 17% decrease in heart rate and a 31% decrease in splanchnic plasma flow (P Ͻ .01 vs. control) ( Table 2 ). The metabolic results are highlighted in Figure 1 . The femoral artery and hepatic venous concentrations of FFA and TAG did not change significantly, despite a 13% decrease in whole body palmitate appearance rate (P Ͻ .05 vs. control). Splanchnic inflow of palmitate fell to 2.10 Ϯ 1.87 mol/kg/min (Ϫ25%, P Ͻ .05 vs. control). The fractional extraction of palmitate did not change significantly (51.2 Ϯ 12.2%), so the uptake of palmitate by the splanchnic bed was 0.96 Ϯ 0.72 mol/kg per minute (Ϫ43%, P Ͻ .05 vs. control). Palmitate uptake was closely correlated with both F in and F out in both the basal condition and during propranolol administration (r Ͼ 0.99, P Ͻ .001).
The splanchnic palmitate oxidation rate and the rate of plasma palmitate reincorporation into VLDL-TAG were not significantly altered by changes in FFA availability (0.16 Ϯ 0.21 and 0.04 Ϯ 0.04 mol/kg per minute, respectively). The fractional synthetic rate of VLDL-TAG was also unchanged by propranolol (5.1 Ϯ 3.6%/h, P ϭ NS vs. control). Although splanchnic FFA uptake was decreased by propranolol, the percentage of plasma palmitate taken up by the splanchnic bed and released into the VLDL-TAG slightly increased to 7.9 Ϯ 10.4% (P ϭ NS vs. control).
Because of the decrease in splanchnic FFA uptake and the maintenance of VLDL-TAG secretion, the rate of plasma palmitate stored within the splanchnic bed decreased to 0.76 Ϯ 0.58 mol/kg per minute during propranolol administration (P Ͻ .05 vs. control). This represents approximately 0.22 Ϯ 0.17 mg/kg per minute or 0.32 Ϯ 0.24 g/kg per day of palmitate stored as TAG within the splanchnic bed. The amount of palmitate stored within the splanch- Splanchnic Bed Metabolism After Thermal Injury nic bed was closely correlated to the rate of palmitate uptake (r ϭ 0.96, P Ͻ .001, Fig. 2 ).
Long-Term Alterations in Splanchnic Metabolism of Fatty Acids With Propranolol Treatment
Body weights of patients changed over time. Therefore, to avoid confusion due to changes in body weight between the two studies, results are now expressed in mol/min (Tables 3 and 4 ).
Chronic treatment with propranolol maintained a 17% decrease in heart rate and a 30% decrease in plasma flow (P Ͻ .05 vs. control). The femoral artery and hepatic venous concentrations of FFA and TAG remained constant. Whole body palmitate appearance rate was unchanged from the initial value, whereas splanchnic F in of palmitate was decreased by 37% as compared to the initial value (P ϭ .08 vs. control). The fractional extraction of palmitate remained at 55.5 Ϯ 28.2% (P ϭ NS vs. control). Hence, the rate of uptake of palmitate by the splanchnic bed was reduced by 40%, but the difference did not reach the level of significance (P ϭ .16 vs. control). Similarly, the rate of net storage was further reduced by the 3 weeks of propranolol treatment.
The palmitate oxidation rate and the rate of plasma palmitate reincorporation into VLDL-TAG were not significantly altered. Hence, the rate of plasma palmitate stored within the splanchnic bed was decreased by 41%.
Splanchnic Metabolism of Fatty Acids in Control Patients Not Given Propranolol
After 3 weeks without propranolol treatment, heart rate was reduced 8% below the initial value (P Ͻ .05 vs. control), but plasma flow was similar (P ϭ NS vs. initial value). The femoral artery and hepatic venous concentrations of FFA increased slightly (P ϭ NS vs. control) and those of TAG remained constant. The whole body palmitate appearance rate increased by 140% (P Ͻ .05 vs. control), and splanchnic F in of palmitate increased (45%), but not significantly. The fractional extraction of palmitate decreased to 45.7 Ϯ 8.5% (Ϫ29%, P Ͻ .05 vs. initial study), so that the net uptake of palmitate by the splanchnic bed remained unchanged, as did the rate of palmitate oxidation (P ϭ NS vs. control).
The rate of plasma palmitate reincorporation into VLDL-TAG was more than doubled except in one subject (ϩ172%, P ϭ .10 vs. control). However, the rate of plasma palmitate stored within the splanchnic bed was similar to that calculated in the initial study (P ϭ NS vs. control).
DISCUSSION
Our principal aim was to determine the basis for the storage of fatty acids within the liver of severely burned patients. We studied the patients while they received nutritional support consisting of a high-carbohydrate diet, since this is their normal clinical state. Our data indicate that whereas the release of fatty acids into the blood was low in this condition, presumably due to the inhibitory effect of hyperinsulinemia on lipolysis, plasma fatty acids were nonetheless taken up from the blood and stored within the liver due to limitations in both fatty acid oxidation and VLDL-TAG secretion. Coupled with a likely increase in the rate of de novo synthesis of fatty acids from the highcarbohydrate intake, 6 fatty acid storage during this treatment could likely be clinically important. When delivery of fatty acids to the liver was reduced by propranolol treatment, fatty acid uptake was reduced and there was a corresponding fall in the rate at which TAG was stored in the liver.
The accumulation of TAG in the liver results from an imbalance between the uptake of fatty acids and the oxida- tion and release of fatty acids into the plasma as VLDL-TAG. Whereas we found that splanchnic fatty acid uptake was proportional to fatty acid delivery, splanchnic fatty acid oxidation and VLDL-TAG secretion rates were unresponsive to changes in fatty acid availability. Because the rate of fatty acid oxidation was close to the suppressed rate observed in healthy adults during euglycemia-hyperinsulinemia, 8 it is likely that the low values we observed in the burn patients were also due to the inhibitory effect of the ingested glucose and resultant insulin response. On the other hand, the depressed VLDL-TAG secretion rate was likely a direct consequence of the burn injury. Indeed, our previous studies in burn patients showed that, with or without insulin and glucose nutritional support, the VLDL-TAG secretion rate was reduced by more than 80% in burn patients as compared with healthy subjects. 6, 15 The combination of inhibited fatty acid oxidation and depressed VLDL-TAG secretion meant that a large percentage (approximately 85%) of splanchnic uptake of fatty acids was stored. This corresponds to a rate of 0.3 g/kg per day of palmitate stored in the splanchnic bed as TAG, or approximately 0.9 g/kg per day of TAG. We have previously reported that average liver weight increases at a rate of approximately 1 to 2 g/kg per day in severely burned children, 1 and analysis of livers at autopsy suggests that most of the weight gain is due to fat accumulation. Thus, our tracer-determined value for fat accumulation in the current study is reasonable when considered in relation to the rate of liver weight gain generally observed in similar patients. Further, the percent of palmitate uptake that is re-esterified into VLDL-TAG that we calculated previously in burned patients using an entirely different approach relying on 13 C-acetate as a tracer ranged from 7% to 14% of total palmitate uptake, depending on the clinical circumstance, which is comparable to the value we observed in the current study.
The impairment of TAG secretion from the liver may be the principal mechanism responsible for the increased hepatic TAG content. Under normal conditions, an increased fatty acid availability also causes enhanced TAG esterification within the liver, but this is balanced by an increased rate of VLDL-TAG secretion, 16 so that TAG accumulation does not occur. Several factors could potentially limit the secretion of VLDL-TAG in burn patients. A deficiency in apo-B or MTP, two proteins essential for the packaging of VLDL, is one, since a general protein catabolic state exists after burn, 17 and a deficiency in these proteins lends to fatty liver. 18 Another possibility is that choline is deficient after burn injury. Choline deficiency also causes fatty liver, 19, 20 and we found that the plasma choline concentration was significantly lower in burn patients (3.96 Ϯ 0.50 mol/L) compared with healthy subjects (8 -12 mol/L) (unpublished results). Choline is a precursor of phosphatidylcholine synthesis, which is an important component of VLDL, so choline deficiency may be limiting VLDL-TAG secretion in burn patients.
Despite the decrease in VLDL-TAG secretion rate in the burn patients, the plasma concentration of VLDL-TAG was elevated in comparison with healthy subjects. 15 This was due to an impaired peripheral clearance. It is possible that the impaired peripheral clearance indirectly contributed to the reduction in VLDL-TAG secretion, if the latter is responsive to the prevailing plasma concentration of VLDL-TG. The impaired VLDL-TAG clearance may result from a reduced level of apoproteins (C-II, C-III, A-I) necessary for TAG metabolism. 21 Another possibility is that a decreased Splanchnic Bed Metabolism After Thermal Injury activity of the enzyme lipoprotein lipase (LPL), which hydrolyzes the circulating TAG to provide fatty acids to peripheral tissues, was responsible for decreased VLDL-TAG clearance. Decreased LPL activity has been reported in adipose and muscle tissues of gram-negative septic rats and critically ill patients. [22] [23] [24] [25] Similarly, deficient LPL activity was observed in postheparin plasma of infected rabbits with elevated VLDL-TAG concentration. 26 However, Verschoor et al found that VLDL-TAG clearance was unrelated to changes in adipose LPL activity in rats, 27 and no study has directly addressed the effect of burn on LPL activity. Thus, although a decrease in clearance would be expected to follow from the decreased activity of LPL, the role for changes in LPL activity in our study remains speculative.
Our study revealed a previously unrecognized general characteristic of splanchnic fatty acid metabolism. We found that fatty acid uptake by the splanchnic bed is a function of fatty acid delivery (i.e., flow times concentration), regardless of whether concentration changes. In other words, the rate of blood flow is a major determinant of splanchnic fatty acid uptake. The control of FFA uptake by blood flow has been barely discussed previously despite an abundant literature on fat metabolism during exercise or ischemia. Our data demonstrate that in severely burned patients, FFA extraction by the splanchnic bed is primarily determined by the amount of FFA delivered per unit of time rather than the plasma FFA concentration itself or by the fate of FFA within the splanchnic bed.
We pooled the results from subjects ranging in age from 5 to 56 years. Our justification was that the primary endpoint analysis was a paired design in which each subject served as his or her own control. Further, we have studied both adults and children with severe burns previously and found no differences in either the rate of appearance of fatty acids (8.22 Ϯ 2.86 and 8.30 Ϯ 1.71 mmol/kg per day for adults and children, respectively) or the rate of secretion of VLDL-TAG (19 Ϯ 65 vs. 165 Ϯ 138 mol/kg per day for adults and children, respectively). 1, 6 Further, we found no relation between age and the primary endpoint values in the current study. Therefore, although a more homogenous subject pool in terms of age might have been desirable, it is unlikely that our conclusions were affected by the wide range of age we examined.
The major clinical implication of our findings is that the storage of fatty acids within the splanchnic bed is closely related to the plasma fatty acid availability. As delivery of fatty acids to the liver increases, uptake increases proportionately, yet oxidation is not responsive to changes in uptake. Fatty acids are therefore channeled into hepatic TAG, the release of which into the blood (via VLDL-TAG) is inhibited in burn patients. Our results therefore suggest that, to at least some extent, fat accumulation in the liver is part of the metabolic response to burn injury, irrespective of the diet. Even during the conditions of suppressed lipolysis studied in the current investigation, VLDL-TAG secretion could not keep pace with splanchnic uptake of plasma FFA.
Any further stimulation of hepatic TAG formation would be expected to result in even greater TAG storage. Hence, whereas the high carbohydrate feeding used in this study inhibits hepatic fatty acid oxidation and stimulates de novo lipogenesis, 6, 15 substitution of fat for carbohydrate would not likely improve the situation. This is because a greater proportion of fat in the diet would increase hepatic fatty acid uptake and thus storage. Fatty acid deposition in the liver would be expected to occur even during fasting in burn patients, since the plasma FFA levels are markedly elevated above normal in postabsorptive burn patients. 5 It is thus not surprising that histologic examination showed that the amount of fat storage in the liver of critically ill patients was unrelated to the nature of nutritional support, but was primarily a function of the seriousness of the illness. 4 This presumably reflects that the extent of stimulation of lipolysis is related to the seriousness of the illness.
Because it may not be possible to avoid fatty livers in burn patients receiving nutritional support, pharmacological management may be necessary to preserve the integrity of the liver. Our results showed that a decrease in splanchnic fatty acid availability caused by propranolol was associated with a decrease in splanchnic fatty acid storage. Further, whereas it might have been expected that patients would have developed tachyphylaxis to propranolol, 9 3 weeks of propranolol treatment caused even further reductions in fatty acid availability and reduced TAG storage in the liver as compared to untreated counterparts. The major effect of propranolol in the current study was a decrease in splanchnic blood flow. An inhibition of lipolysis might also have been expected, 28 but this probably did not occur because lipolysis was already highly inhibited by the insulin response to the high-carbohydrate diet. The consequence of the already low rate of lipolysis in this circumstance was that the reduced inflow of fatty acids into the splanchnic bed in the initial study was due entirely to a reduced blood flow. Further, 3 weeks of propranolol treatment maintained a depressed rate of lipolysis, whereas the latter was doubled in the time-control patients. We conclude, therefore, that propranolol treatment may benefit burn patients by decreasing hepatic TAG storage. Other benefits of propranolol treatment in burn patients have been previously reported in terms of cardiovascular response 29 and muscle protein metabolism. 30 In conclusion, in burn patients receiving a high-carbohydrate diet, fatty acid storage within the splanchnic bed is substantial and proportional to plasma fatty acid availability, because both fatty acid oxidation and release into VLDL-TAG are highly depressed. An additional decrease in splanchnic fatty acid availability using propranolol is associated with a decrease in fatty acid storage. The propranolol effect persisted after 3 weeks of medication. Therefore, propranolol may benefit burn patients with regard to hepatic TAG storage.
